Infection caused by Salmonella enterica subsp. serotype Typhi remains an important public health problem in developing countries. Culture is an effective diagnostic method of confirming this infection. Diagnosis in developing countries is mostly done by Widal test, which is nonreliable. The aim of this study was to compare the Widal test against stool culture in typhoid-suspected cases and to evaluate the agreement between test methods. Methodology: A cross-sectional study design was conducted on typhoid-suspected cases in southern Ethiopia. Collected data were entered into Epi-Info version 3.5.1 and exported to SPSS version 20.0 for further analysis. Kappa test was used to assess the agreement between the tests. Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) were calculated to compare the Widal test against stool culture. Results: A total of 95 patients participated in the study, of whom 49 (51.6%) were females and 46 (48.4%) were males. The age range of the suspected cases were between 10 and 62 years, with mean age of 27.9 years. Of the examined cases, 65 (68.4%) were positive for slide agglutination Widal test, whereas only 19 (20.0%) were positive for S. enterica serotype Typhi by stool culture. The sensitivity, specificity, PPV, and NPV of slide agglutination test against stool culture were 84.2%, 35.5%, 24.6%, and 90.0%, respectively. Slide agglutination test has a poor agreement with the stool culture (kappa = 0.103), but tube titration test has a fair agreement with the stool culture (kappa = 0.325). Conclusion: Widal test has a low specificity and PPV but has better sensitivity and NPV than a stool culture. It also has a poor agreement with the stool culture. Therefore, physicians should not be totally dependent on the Widal test in endemic areas and in areas where it is the only diagnostic method for typhoid fever.
Background
Typhoid fever is a systemic disease caused by Salmonella enterica serotype Typhi and is a major cause of morbidity and mortality worldwide. 1 It emerged as an important infectious disease in the early 19th century. Humans are the only natural host and reservoir for typhoid fever agent. Infection occurs in all age groups, and it is transmitted by ingestion of food or water contaminated with feces. 2 The highest incidence occurs where water supplies serving large populations are contaminated with feces. 3 The illness begins with mounting fever, headache, vagueness, abdominal pain, and constipation, which may be followed by the appearance of rashes during the third week; the patient reaches a state of prolonged apathy, toxemia, delirium, disorientation, or coma, followed submit your manuscript | www.dovepress.com Dovepress Dovepress 2 Ameya et al by diarrhea which if left untreated can lead to complications affecting various organs of the body. 4 Culture of the causative organism is considered an effective diagnostic procedure in suspected typhoid fever. 5 Cultures can be obtained from various body fluids including blood, bone marrow, urine, stool, and rose spots. Blood, urine, and stool culture are the better diagnostic methods, but they are expensive techniques and some bacterial culture facilities are often unavailable and also it requires laboratory equipment and technical training. 6 Stools collected from acute patients may be positive when blood culture is negative. It is also important for the monitoring of carriage of S. enterica serotype Typhi after apparent clinical cure. 6, 7 It is difficult to estimate the real impact of typhoid fever because of its clinical picture, which is confused with that of many other febrile infections. Additionally, the disease is underestimated because there are no bacteriology laboratories in most areas of developing countries. These factors are believed to result in many cases being undiagnosed. 7 There are few established surveillance systems for typhoid in the developing world, because of lack of effective diagnostic methods. 8 The disease remains a serious public health problem in developing countries, and its diagnosis on clinical grounds is difficult. 9 Laboratory diagnosis of salmonella infection requires isolation and identification of S. enterica serotype Typhi in many areas where the disease is endemic. 1, 10 However, in most developing countries including Ethiopia, the situation is different as the Widal test seems to be the only laboratory means employed in the diagnosis of typhoid fever among suspected patients. 10 Widal test is very easy and cheap to perform and requires minimal training and equipment. It is an agglutination test, which measures agglutinating antibodies against the lipopolysaccharide O and protein flagella H antigens of S. enterica serotype Typhi. 11, 12 Sharing of these antigens by other Salmonella serotypes and other members of Enterobacteriaceae makes the role of the Widal test even more controversial in diagnosing typhoid fever. 13 This is harmful in terms of specificity and sensitivity as compared to culture. Most of the studies compared Widal test against blood culture, which needs advanced microbiology equipment and trained manpower. Stool culture is relatively easy and cost-effective compared to blood culture, and it has not been compared with Widal test so far in our region.
The value of the Widal test in the diagnosis of typhoid fever cases has long been discussed. 14 The test has been used for over a century in developing countries, but its specificity has been debated. Sensitivity and specificity of Widal test vary from place to place. [15] [16] [17] [18] Hence, evaluating the result of this test is necessary for correct interpretation of the result. 19 Therefore, the aim of this study was to compare Widal test, which is the main diagnostic method in developing countries, against stool culture.
Methods

Study design and settings
This cross-sectional study design was conducted to compare Widal test against stool culture in typhoid fever-suspected patients in Arba Minch Hospital. Arba Minch town is located 505 km south of Addis Ababa at an elevation of 1285 m above sea level. Arba Minch Hospital is the only hospital in the town in Southern Nations, Nationalities, and Peoples region. It was built in 1969 to serve ~500,000 people, but now it serves >2 million people based on figures published by the Central Statistical Agency in 2007. 20 
Population
All patients who visited Arba Minch Hospital laboratory from March to May 2016 were considered as controls.
The study population was selected by systematic random sampling technique in patients with clinical symptoms of typhoid fever and visiting the laboratory for a Widal test in Arba Minch Hospital during the study period. Patients who had received antibiotic treatment within 3 months for their symptoms before coming to the hospital were excluded from the study.
Widal slide agglutination and tube titration test
For slide agglutination and tube titration Widal test, 4-5 mL of blood was collected by vein puncture in a nonanticoagulated tube. Then the collected venous blood was centrifuged, and two drops of serum were placed on the test card for both O and H antigens. Then a drop of S. enterica serotype Typhi O and H commercial antigens was added on a drop of serum on the card and rotated for 2 minutes on an orbital shaker. In each test batch, positive and negative controls were carried out using commercially provided reagent. Positive Widal test is determined by the formation of visible agglutination reaction from the mixture of S. enterica serotype Typhi antigen with the patient's serum antibody on the testing card. Lastly, the result was reported as reactive and nonreactive. 2 Pathology and Laboratory Medicine International 2017:9 submit your manuscript | www.dovepress.com
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Widal test against stool culture for typhoid fever In tube agglutination test (titration), ten small tubes were arranged for both H and O antigens, and 0.9 mL of saline was added in the first tube and 0.5 mL of saline was added in the remaining nine tubes. Next, 0.1 mL of fresh cell-free serum was added to the first tube and mixed. Then 0.5 mL of 1:10 diluted serum in first tube was transferred to tube numbers 2-9, which contain 0.5 mL of saline, and twofold serial dilution was performed. From tube number 9, after mixing 0.5 mL of diluted serum was discarded and 1:20, 1:40, 1:80, 1:160, and so on serum serial dilution was obtained. Tube number 10 was used as negative control, hence it contained only saline. Then antigens were added and mixed well with diluted serum, and the tubes were incubated at 37°C for 2-4 h. A white light shining vertically above the tube was used to examine the presence of clumps. Positive titration value is determined by the formation of visible clumps at 1:80 and higher dilutions for O antigen and at 1:160 and higher dilutions for H antigen in the tube from the mixture of each antigen with the patient's serum. 2, 21 
Stool sample collection and culturing
Approximately 3-4 g of stool was collected by a sterile wide-mouthed plastic container from those who had clinical symptoms of typhoid fever and visited the laboratory for Widal test. Then a piece of stool was taken by using wire loop and streaked on xylose lysine deoxycholate (Oxoid Ltd, UK, code CM 0469) and MacConkey agar (Oxoid) and incubated at 37°C for 24 h. Then S. enterica serotype Typhi was identified by biochemical tests used to identify Enterobacteriaceae according to the method described in Clinical and Laboratory Standards Institute. 21, 22 Sterility of the prepared culture media was checked by incubating 5% representative of the batch culture at 35-37°C overnight and observing for bacterial growth. The positive control of American Type Culture Collection Salmonella species was inoculated parallel with the sample.
Data processing and analysis
Collected data were entered into Epi-Info version 3.5.1 and exported to SPSS version 20.0 for further analysis. Kappa test was used to assess the agreement between the tests. Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) were calculated to compare Widal test against stool culture.
Ethical approval and consent to participate
Institutional ethical clearance was obtained from the research and ethics review board of Arba Minch University, College of Medicine and Health Sciences. Formal letter of cooperation was also written to obtain permission from the medical director of Arba Minch Hospital before data collection. The purpose and importance of the study were explained, and written consent was secured from each participant. Confidentiality was maintained at all levels of the study. Participant involvement in the study was voluntary, and those who were unwilling and wanted to quit their participation at any stage were informed they could do so without any restriction.
Results
In stool culture, of the 95 patients, 19 (Figure 1) .
Widal tube agglutination test (titration) was also performed for those patients whose slide agglutination test result indicated reactive. Patients who were positive by either O antigen (≥1:80 titration value) or H antigen (Figure 1 ). Among 65 positive Widal slide agglutination tests, only 16 were positive for stool culture, and the three more positive stool cultures were negative with Widal slide agglutination test ( Table 1) . The overall sensitivity, specificity, PPV, and NPV of slide agglutination test were also 84.2%, 35.5%, 24.6%, and 90.0%, respectively, as compared to stool culture. This is similar with slide agglutination test of O antigen. Similarly, sensitivity, specificity, PPV, and NPV were 78.9%, 50%, 28.3%, and 90.5%, respectively, for H antigen ( Table 2 ). The agreement between Widal slide agglutination test and stool culture was analyzed by kappa test. However, there was poor agreement between slide agglutination test and stool culture (kappa = 0.103).
We also compared Widal titration test with stool culture. Similar to slide agglutination test, among 65 positive Widal titration tests, only 15 were positive for stool culture, while the 4 positive stool cultures were negative with titration test ( Table 3 ). The overall sensitivity, specificity, PPV, and NPV of tube titration test were also 78.9%, 67.1%, 37.5%, and 92.7%, respectively, as compared with stool culture in typhoid fever-suspected cases. There was some variation between both the antigens. The sensitivity, specificity, PPV, and NPV of tube titration test in O antigen were 57.9%, 65.8%, 29.7%, and 86.2%, respectively, and that in H antigen were 47.7%, 86.6%, 47.4%, and 86.6%, respectively ( Table 2 ). Regarding agreement test, there was a fair agreement between Widal tube agglutination test (titration) and stool culture (kappa = 0.325).
Discussion
S. enterica subsp. serotype Typhi is the causative agent of typhoid fever. Typhoid fever is more common in developing countries where there is limited safe water and health care system. Currently, different diagnostic techniques are applied in endemic areas, but isolation of the ethological agent from blood, urine, or stool is the most reliable means of confirming an infection. In developing countries like Ethiopia, Widal slide agglutination test is the common serological test used to diagnose typhoid fever. In this study, H agglutinations were less sensitive and more specific and yielded more PPVs than O agglutinins, but NPV is almost similar. Study showed that the level of H agglutinins is unhelpful in the diagnosis of typhoid, maintaining that the H agglutinin titer remains elevated for a longer period than the O agglutinin titer after an episode of typhoid fever and may also rise as a nonspecific 
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Widal test against stool culture for typhoid fever response to other infections. 14 Other studies, however, have indicated that the H agglutinin titer is as useful as or more useful than O agglutinin titer. 23 The aim of this study was to compare Widal slide agglutination and tube titration test against stool culture for S. enterica subsp. serotype Typhi.
In the current study, the magnitude of typhoid fever was 68.4% [95% CI: (59, 77.8)], 42.1% [95% CI: (32.2, 52.1)], and 20% [95% CI: (12, 28) ] by Widal slide agglutination, Widal titration, and stool culture, respectively. This indicates that there was a great variation among the tests. This high positive result in Widal slide agglutination test may be associated with cross-reacting antibodies from serum of febrile patients other than typhoid fever. Low proportion of Widal test was observed in studies conducted in Ethiopia (32.6%) 24 and Nigeria (55%), 25 as compared with the current finding. This difference might be due to difference in sociodemographic status, immune status, and antibody that cross-reacts with S. enterica serotype Typhi during infection. Three cases among 19 cultures confirmed that typhoid fever cases had a negative slide agglutination test. The false-negative Widal test results were due to either early infection of the disease before production of detectable antibody or the patient was a typhoid fever carrier. 26 Sensitivity of Widal slide agglutination and Widal tube titration test was 84.2% [95% CI: (76.9, 91.5)] and 78.9% [95% CI: (70.7, 87.1)], respectively, by either H or O antigen. This is the ability of Widal slide agglutination and tube titration test to detect true-positive results against stool culture. Similar finding was observed in a study conducted in Tanzania (75%). 15 Lower sensitivity of Widal test was observed in a study conducted in Vietnam (64%). 17 In typhoid fever-suspected Indian children, sensitivity of Widal test was 64.6%, 27 and in Iranian children, it was 75.86%. 18 This difference may be observed due to difference in immune statistics between adults and children.
In this study, the ability of Widal slide agglutination and tube titration test to detect true-negative result against stool culture was 35.5% [95% CI: (25.9, 45.1)] and 67.1% [95% CI: (57.7, 76.5)], respectively. This has a major impact on provision of effective patient management and reduces trust of patients on health service. Other studies conducted in Nigeria on adults, 28 in Malaysia, 16 and in hospitals of Vietnam also showed that Widal test had low specificity. 17 Unlike the current study, the specificity of the study conducted in Tanzania (98%), 15 and Iran 18 was found to be higher than the current study. This may be due to geographical variations. The Widal agglutination varies with geographical location based on the endemicity of enteric fever, prevalence of nontyphoid salmonella infection, and other infections which cross-react with salmonella antigen. 29 PPV of slide agglutination test was very low (24.6%). It is the most important measure of a clinical diagnostic method since it represents the proportion of patients with positive test results that are correctly diagnosed. 30 On the other hand, the NPV value of slide agglutination test was 90.0%. This indicates that a negative Widal test result has a good predictive value for the absence of the disease, but a positive result would have a low predictive value for the presence of typhoid fever. 15 The assessment of agreement between two different diagnostic methods can also indicate how the test methods are close to each other. Statistically, there was a fair agreement (kappa = 0.338) between Widal slide agglutination and Widal titer of anti O detection, and poor agreement (kappa = 0.173) between slide and titration method of anti-H detection. Similar finding was observed in a study conducted in Jimma. 31 But the current finding disagrees with a study conducted in Addis Ababa, which indicated moderate agreement (kappa = 0.406) between slide and titration methods of anti-O screening, while there was fair agreement (kappa = 0.311) for anti-H screening of both the methods. The agreement between Widal slide agglutination test and stool culture was poor (kappa = 0.103). This indicates that the result of Widal test in diagnosis of typhoid fever less likely agrees with stool culture.
In our study, stool culture had good specificity, but there are a number of factors that should be considered while using stool culture for diagnosis of typhoid fever-suspected cases. Stool culture is mostly positive after 3 weeks of infection with S. enterica serotype Typhi, while Widal test can detect earlier. 32 In early infection, the stool culture is positive only in 30%-40% of cases. 33 This is the most important reason why we prefer Widal test over stool culture for early detection of the disease infection. The other factor that may affect the stool culture is its proneness to contamination that may result in misdiagnosis.
Furthermore, in developing countries like Ethiopia, cost and trained manpower are always the major concern, and stool culture is less available in routine diagnosis. Alternatively, when we see the cost-effectiveness and simplicity of Widal tests, it is still preferred over stool culture. Widal test on acute and convalescent paired sera is frequently used in resource-limited regions to diagnose and treat patients with suspected typhoid fever. 34 Although Widal test has poor sensitivity and specificity, it is not absolutely discouraged in resource-limited countries.
Conclusion
In the current study, Widal test has a low specificity and PPV, but it has high sensitivity and good NPV with stool culture. Using slide agglutination test as the only laboratory test for the diagnosis of typhoid fever will result in misdiagnosis. Slide agglutination test has fair agreement with the tube titration test, whereas it has poor agreement with the stool culture and tube titration test has fair agreement with the stool culture. By considering this finding, physicians should not totally depend on Widal test in the diagnosis of typhoid fever in endemic areas and where it is the only diagnostic method. If there is no access for culture, it is better to use tube agglutination (titration) test than slide agglutination test.
